Matrix metalloproteinases (MMPs) are a family of endopeptidases capable of enzymatic digestion of subendothelial basement membrane and other components of the extracellular matrix. Expression of MMP-2, -3, -7 and -9 is increased around multiple sclerosis plaques and in brain tissue in experimental allergic encephalomyelitis. To measure quantitatively the expression of these MMPs and their endogenous inhibitors (TIMP-1 and -2), we analysed samples from 52 patients with relapsingremitting and primary progressive multiple sclerosis by ELISA (enzyme-linked immunosorbent assay) and substrate-gel electrophoresis (zymography). MMP-9 was increased over controls in 100% of relapsing-remitting multiple sclerosis cases, with similar levels detected in relapses and clinically stable phases of disease. In primary progressive multiple sclerosis, MMP-9 was increased in Keywords: multiple sclerosis; CSF matrix metalloproteinases; tissue inhibitors of metalloproteinases Abbreviations: EDSS ϭ expanded disability status scale; MMP ϭ matrix metalloproteinase; TIMP ϭ tissue inhibitor of metalloproteinase
Introduction
Multiple sclerosis is believed to be an autoimmune disorder directed against one or several antigens of cerebral white matter (Tuohy et al., 1994) . The earliest known events in the pathogenesis of multiple sclerosis consist of extravasation of immune cells into the central nervous system parenchyma (Kwon et al., 1994) and disruption of the blood-brain barrier (Kermode et al., 1990; Hartung et al., 1997) . T-cells and macrophages have been found to produce two closely related matrix metalloproteinases (MMPs), MMP-2 (gelatinase A) and , that facilitate extravasation by their proteolytic activity against the subendothelial basement membrane (Welgus et al., 1990; Montgomery et al., 1993; Leppert et al., 1995; Xia et al., 1996) . Resident cells of the
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57% of CSF samples, but concentrations were below those encountered in the relapsing-remitting form. The selective upregulation of MMP-9 suggests that T-cells and macrophages invading the brain parenchyma and the CSF space are the predominant source of MMP-9 in multiple sclerosis. TIMPs and other MMPs (MMP-2 and -3) were not upregulated or not detectable (MMP-7) in CSF of patients with relapsing-remitting and primary progressive multiple sclerosis. The sustained increase of MMP-9 in clinically stable multiple sclerosis supports the concept that multiple sclerosis is associated with ongoing proteolysis that may result in progressive tissue damage. The selective inhibition of MMP-9 could be a useful approach for the prevention of disease progression in multiple sclerosis.
brain parenchyma, such as astrocytes and microglial cells, can also be induced to produce gelatinases, as well as other MMPs, such as stromelysin (MMP-3) (Cuzner et al., 1996; Maeda and Sobel et al., 1996; Wells et al., 1996) . Injection of MMP-2 into rat brain results in increased blood-brain barrier permeability, an effect that can be blocked by an endogenous inhibitor of gelatinases, tissue inhibitor of metalloproteinases (TIMPs) (Rosenberg et al., 1992) . In addition to a role as effector molecules in blood-brain barrier disruption and cell infiltration, gelatinases and other MMPs are also known to degrade myelin basic protein in vitro (Proost et al., 1993; Chandler et al., 1995) . Hence, gelatinases potentially act as effector molecules in two key steps in the pathogenesis of multiple sclerosis (i) in cellular invasion and disruption of the blood-brain barrier, and (ii) in myelin breakdown.
The MMPs are a family of zinc-containing endopeptidases with overlapping substrate affinities against extracellular matrix components (Yong et al., 1998) . Earlier studies of MMPs in the CSF of multiple sclerosis patients were restricted to methods that allowed only semiquantitative detection of MMP-9 and -2, while other MMPs and TIMPs could not be studied. Increased levels of MMP-9 were detected in the CSF of 40-64% of multiple sclerosis patients, whereas MMP-2 was expressed constitutively (Gijbels et al., 1992; Paemen et al., 1994) . However, the expression of MMPs in CSF has not been associated with any specific underlying form of multiple sclerosis (relapsing-remitting versus primary progressive) or with clinical disease activity.
In this report we quantitatively measured four different MMPs (MMP-2, -3, -7 and -9) and two TIMPs (TIMP-1 and -2) in CSF of patients with relapsing-remitting multiple sclerosis and primary progressive multiple sclerosis, and correlated the levels of expression with clinical and laboratory indices of disease activity.
Material and methods Patients
Fifty-two patients (33 women, 19 men) with clinically definite or laboratory-supported definite multiple sclerosis (Poser et al., 1983) were included in the study. Seven patients had primary progressive multiple sclerosis and 45 had relapsingremitting multiple sclerosis. Of the latter group, 22 patients had a spinal tap during a clinical relapse and 23 patients had one during a stable phase of the disease, according to the criteria previously described (Poser et al., 1983; Miller et al., 1991) . At the time of lumbar puncture none of the patients with relapsing-remitting multiple sclerosis were in a secondary progressive state. Information on the presence of oligoclonal bands in CSF was available for 49 patients; 88% (43/49) were positive. None of the patients had received corticosteroids or other immunosuppressive agents within 6 weeks prior to the lumbar puncture. For each patient, clinical status was assessed with the expanded disability status scale (EDSS) (Kurtzke et al., 1983) ; clinical assessments were carried out by observers blinded to the CSF data.
Controls
Twelve CSF samples from patients with the following diseases were used as controls: degenerative retinal diseases (4); cervical myelopathy (1); narcolepsy (1); migraine (3); posttraumatic epilepsy (1); trigeminal neuralgia (1); and aortic valve disease (1).
Assays
After routine analyses, centrifuged CSF samples were frozen and stored at -70°C. All assays were performed with firsttime thawed aliquots and analysed blindly.
ELISA (enzyme-linked immunosorbent assay) for MMP-9
The murine monoclonal capture antibody 4H3 was raised against recombinant human MMP-9 (expressed in CHO cells) by British Biotech (Oxford, UK). This antibody recognizes both the pro-and the active form of the enzyme and is now commercially available from R&D Systems Europe (Abingdon, UK). Ninety-six-well plates (Maxisorb; Nunc, Roskilde, Denmark) were coated with purified antibody 4H3 (2.5 µg/ml) in 0.05 M carbonate/ bicarbonate buffer (pH 9.6) for 16 h at 4°C. After three washes with PBS (phosphate-buffered saline) (without Mg 2ϩ and Ca 2ϩ ), plates were blocked with 1% BSA (bovine serum albumin) in PBS for 1 h at 4°C. The plates were washed three times using PBS containing 0.1% Tween 20. Undiluted CSF samples were added to duplicate wells. A standard curve was derived from recombinant MMP-9 in twofold dilutions from 50 to 0.78 ng/ml in PBS/1% BSA/0.1% Tween 20. Positive controls consisted of purified recombinant MMPs and normal serum diluted 1 : 25. After three washes with PBS/0.1% Tween 20, plates were incubated with peroxidaseconjugated sheep anti-human MMP-9 polyclonal antibody (0.35 µg/ml) for 1 h at room temperature. Plates were washed three times and then incubated with TMBlue substrate (Universal Biologicals, London, UK) for 8 min at room temperature. All incubation and washing steps were performed with 100 µl/well. The reaction was stopped using 50 µl/well of 1.0 N HCl, and the absorbance was measured using a microplate reader (Titertek MS2) at 450 nm with a reference wavelength of 620 nm. The detection limit was 0.03 ng/ml.
ELISA for MMP-7
Materials, volumes and procedures were identical to those used for the ELISA of MMP-9, except for the antibodies used. The monoclonal capture antibody 7E4 against human MMP-7 was used at 40 µg/ml. A peroxidase-conjugated sheep anti-human MMP-7 polyclonal antibody (0.1 µg/ml) was used for detection. The detection limit was 23 ng/ml.
ELISAs for MMP-2 and MMP-3
Pre-launch kits for MMP-2 and MMP-3 (detection limits were 0.51 and 0.055 ng/ml, respectively) were a gift from R&D Systems and were used according to the manufacturer's recommendations.
ELISAs for TIMP-1 and TIMP-2
ELISAs for TIMP-1 and TIMP-2 (detection limits were 1.25 and 3.0 ng/ml, respectively) were purchased from Amersham (Little Chalfont, UK) and used according to the manufacturer's recommendations.
Zymography
MMP activity in CSF was determined as previously described . Briefly, SDS (sodium dodecyl sulphate)-polyacrylamide gels were copolymerized with 1 mg/ml of type A gelatin derived from porcine skin (Sigma; G-8150). Ten microlitres of CSF or standard supernatant (see below) was electrophoresed under non-reducing conditions. After electrophoresis, the gel was incubated in 2% Triton X-100 for 2 ϫ 30 min to remove SDS, and then incubated overnight at 37°C in buffer (150 mM NaCl, 50 mM TrisHCl, pH 7.6, containing 5 mM CaCl 2 and 0.02% NaN 3 ). After staining with 0.5% Coomassie blue G-250 (Sigma), proteolytic activity was identified as a clear band on a blue background. Gels were dried between cellophane sheets with a GelAir dryer (Bio-Rad, Hercules, Calif., USA) and then scanned with a yellow filter using Adobe Photoshop (Adobe Systems, Mountain View, Calif., USA) in grey-scale mode. Densitometric analysis of zymographic lysis zones at 92 kDa was performed using a CS1 image documentation system with Wincam 2.2 software (Cybertech, Berlin, Germany).
The standard curve for densitometric quantitation of MMP-9 was derived from serum-free supernatant of shorttime cultured T-cells (Fig. 1B) (Leppert et al., 1995) . The stock concentration of supernatants was measured by ELISA. Correlations between zymographic lysis and concentrations of MMP-9 in diluted supernatant were calculated using a sigmoid curve-fitting program (Delta Graph Pro3; Monterey, Calif., USA). Figure 1A shows the zymographic doseresponse curve for standard MMP-9 at 92 kDa.
Statistical analysis
Data were analysed using non-parametric statistical tests. Spearman rank correlations of levels of MMP-9 with CSF indices and TIMP-1 were calculated. Concentrations of MMP-9 and of EDSS and CSF indices within subgroups of patients were compared using the Mann-Whitney U test. ELISA concentrations of MMPs and TIMPs in the CSF of multiple sclerosis and control patients were compared using the Kruskal-Wallis test. P values Ͻ 0.05 were considered significant.
Results

MMP-9 is elevated in CSF of relapsingremitting and primary progressive multiple sclerosis
The levels of MMP-9 measured by ELISA are shown in Fig.  2A . 64% (14/22) of CSF samples taken during an acute phase ('relapse') of relapsing-remitting multiple sclerosis were positive for MMP-9, compared with 56% (13/23) of samples obtained during a clinically stable period ('stable') of relapsing-remitting multiple sclerosis. The levels were only slightly higher in relapses (mean Ϯ SD, 2.56 Ϯ 5.73 ng/ml; median, 0.5 ng/ml) than in stable patients (1.85 Ϯ (A) A sigmoid correlation between the amounts of MMP-9 and zymographic lysis zones, as measured by arbitrary square units on the original zymograph, is shown. It was obtained using defined quantities of MMP-9 (see Material and methods). (B) Zymography used for calculations in (A). The image has been inverted so that lysis zones appear as dark bands on a light background. Bands for 15 and 30 pg/ml of MMP-9 were digitally enhanced to allow visualization on photographic prints.
2.29 ng/ml; median, 0.8 ng/ml); this difference was not significant (P ϭ 0.35). Only one out of seven CSF samples from primary progressive multiple sclerosis patients showed detectable amounts of MMP-9, and controls (n ϭ 12) were all negative by ELISA.
All CSF samples scoring negative in the ELISA were subsequently analysed by gelatin zymography (Fig. 2B ). This method is more sensitive than ELISA (Kolb et al., 1998) for the detection of MMP-9 (detection threshold for biological samples, 10 pg/ml versus 30 pg/ml in the ELISA). This is probably due to the electrophoretic separation, which reveals low concentrations of enzymes that are undetectable in solution. The narrow dynamic range of densitometry (Fig.  1A) and the fact that complexed and degraded forms of MMP-9 cannot be quantitated make zymography only a semiquantitative technique, and therefore results cannot be compared directly with those from ELISA. Nonetheless, we have established that the two techniques are roughly Fig. 2 Quantitation of MMP-9 in CSF by ELISA and zymography. (A) CSF samples were first analysed by ELISA. The detection limit of the ELISA, defined as 2 SDs above the zero dose optical density, was determined as Ͼ0.03 ng/ml. (B) CSF samples that were negative for MMP-9 by ELISA were subjected to zymography. Lysis zones at 92 kDa were quantitated by densitometry and indexed with the values from standard MMP-9 as described in Material and methods (Fig. 1) . Lysis zones between 10 and 125 pg/ml could be identified readily by visual inspection, but fell below the dynamic measuring range in the densitometry (Fig. 1B) and were therefore labelled as 'trace amounts'. Percentage values indicate the number of CSF samples with quantifiable amounts of comparable at MMP-9 concentrations that are above the threshold for detection by ELISA (data not shown). In lower ranges (15-125 pg/ml) MMP-9 could readily be identified by visual inspection (Fig. 1B) but could not be quantitated by densitometry (classified as 'trace' amounts); 5 out of 12 (42%) control CSFs fell into this category. Figure 2B shows that MMP-9 was detectable by zymography in all CSF samples from relapsing-remitting multiple sclerosis. When the ELISA and zymography data were combined, quantifiable MMP-9 was present in 98% (44 out of 45) of relapsingremitting multiple sclerosis CSF samples (from both acute and stable patients) and 57% (4 out of 7) of samples from primary progressive multiple sclerosis. In contrast, controls were negative for quantifiable MMP-9.
Correlation of MMP concentrations as measured by ELISA with clinical and CSF parameters in relapsing-remitting multiple sclerosis
Patients were divided into two groups according to the detectability of MMP-9 by ELISA. Patients who scored positive for MMP-9 by ELISA had higher CSF cell numbers compared with those in whom MMP-9 was only detectable by zymography (mean Ϯ SD, 8.9 Ϯ 8.6 versus 4.8 Ϯ 5.9/µl; P ϭ 0.039). A similar dichotomy was observed for the IgG (immunoglobulin G) index (12.4 Ϯ 6.2 versus 8.4 Ϯ 3.6; P ϭ 0.045). However, higher levels of MMP-9 did not correlate with current or subsequent clinical disability, as in both groups the EDSS score was similar at the time of lumbar puncture and 1-1.5 years later (data not shown).
ELISA values of MMP-9 correlated strongly with the IgG index in patients with relapsing-remitting multiple sclerosis (P n ϭ 27 Ͻ 0.01) (Fig. 3A) and with CSF pleocytosis (P Ͻ 0.01) (Fig. 3B ), but not with the CSF/serum albumin ratio (P ϭ 0.62). The correlation with CSF pleocytosis was still significant when acute and stable relapsing-remitting multiple sclerosis were analysed separately (P ϭ 0.043 for acute relapsing-remitting multiple sclerosis, P ϭ 0.023 for stable relapsing-remitting multiple sclerosis). However, in 10 patients with relapsing-remitting multiple sclerosis (37%) quantifiable amounts of MMP-9 were present, although CSF cell counts were normal (Ͻ4/µl) (Fig. 3B) ; this did not occur in any control. Furthermore, there was no correlation of MMP-9 and absolute CSF cell count (P ϭ 0.58) in this subgroup. Half (5 out of 10) of these patients were found to have an increased CSF/serum albumin ratio (Ͼ5.5 ϫ 10 -3 ), indicative of damage to the blood-brain barrier. Table 1 shows that CSF levels of MMP-3, TIMP-1 and TIMP-2 were similar in multiple sclerosis patients and controls. MMP-2 could be detected in all CSF samples by ELISA both in multiple sclerosis patients and in controls, but levels ranged in all samples between the detection limit (0.51 ng/ml) and the lowest standard value (1.95 ng/ml), and were therefore not evaluated quantitatively; this finding was supported by results from zymography (data not shown). MMP-7 was not detectable by ELISA in either multiple sclerosis or control samples. TIMP-1 and MMP-9 are known to be secreted as complex heterodimers, as are TIMP-2 and MMP-2; TIMP-1 and TIMP-2 function to inhibit the proteolytic activity of the MMPs (Yong et al., 1998) . No significant correlation between the concentrations of MMP-9 and TIMP-1 (ELISA values) in relapsing-remitting multiple sclerosis was found (P ϭ 0.64).
Levels of MMP-2, MMP-3, MMP-7, TIMP-1 and TIMP-2 are not altered in multiple sclerosis CSF
Discussion
There is accumulating evidence that matrix metalloproteinases play a key role in the pathogenesis of neuroimmunological diseases. Several matrix metalloproteinases, such as MMP-2 and MMP-9 (gelatinase A and B), MMP-7 (matrilysin) and MMP-3 (stromelysin-1) are expressed in and around multiple sclerosis plaques (Cuzner et al., 1996; Maeda and Sobel et al., 1996; Cossins et al., 1997) . Gelatinases have been shown to mediate T-cell migration across subendothelial basement membrane in an in vitro model of the blood-brain barrier (Leppert et al., 1995 , and the degree of tumour necrosis factor (TNF)-induced blood-brain barrier leakage correlates with levels of MMP-9 in brain tissue (Rosenberg et al., 1995) . In addition, MMPs may contribute to myelin breakdown due to their proteolytic activity against myelin basic protein (Proost et al., 1993; Chandler et al., 1995) . The release of degradation products of myelin basic protein could enhance the autoimmune response and epitope spreading (Proost et al., 1993) in multiple sclerosis.
In an earlier report, using semiquantitative zymography, increased levels of MMP-9 were present in 40-64% of multiple sclerosis CSF samples and 35% of optic neuritis samples, but only in 0-20% of control samples, whereas levels of MMP-2 were not increased (Gijbels et al., 1992; Paemen et al., 1994) , a finding that was corroborated in this study. MMPs other than MMP-2, MMP-9 and TIMPs have not been measured previously in multiple sclerosis CSF.
Here we show that MMP-9 levels in CSF were elevated in 100% of relapsing-remitting multiple sclerosis and 57% of primary progressive multiple sclerosis CSF samples when the results of a quantitative (ELISA) and a semiquantitative but more sensitive method (zymography) were combined. MMP-9 was equally increased during both relapses and clinically stable phases of relapsing-remitting multiple sclerosis. Control samples did not contain quantifiable amounts of MMP-9 either by ELISA or zymography, confirming results of a previous report using the same set of detection methods (Kolb et al., 1998) . Likewise, upregulation of MMP-9 and MMP-7 was observed in actively induced and adoptive experimental autoimmune encephalomyelitis and experimental autoimmune neuritis at peak clinical disease severity Redford et al., 1997; Hughes et al., 1998; Kieseier et al., 1998) , but expression declined rapidly in later phases. A similar transient induction of MMP expression could account for the failure to detect MMP-9 in some patients with viral meningitis (Kolb et al., 1998) . In multiple sclerosis, upregulation of MMP-9 appears to be sustained, as levels were increased in all patients with acute or chronic states of relapsing-remitting multiple sclerosis and in most patients with primary progressive multiple sclerosis. Of interest, levels of MMP-9 in relapsing-remitting multiple sclerosis show a correlation with the IgG index, a parameter of chronic intrathecal immune response, confirming the result of an earlier study (Paemen et al., 1994) . We conclude that CSF MMP-9 is a sensitive marker for relapsingremitting multiple sclerosis. However, levels of MMP-9 do not seem to correlate with clinical disease activity or subsequent disability. Furthermore, this finding is not specific to multiple sclerosis, as increased levels of MMP-9 are also present in other neuroinflammatory diseases, such as meningitis and encephalitis (Gijbels et al., 1992; Paemen et al., 1994; Kieseier et al., 1998; Kolb et al., 1998) .
MMP-2 and -3 and TIMP-1 and -2 were constitutively expressed and not increased in multiple sclerosis CSF. Increased levels of TIMP-1 have been found during viral meningitis, where MMP-9 levels 10-100 times higher than in multiple sclerosis occur (Kolb et al., 1998) . The lack of a parallel increase of TIMP-1 and MMP-9 in multiple sclerosis could reflect an inability of the assay to detect subtle changes of TIMP-1. Alternatively, the failure to induce compensatory upregulation of inhibitors against excess proteolytic activity could be a specific feature of multiple sclerosis. Hypothetically, this could result in a continuous process of neural damage that might promote secondary chronic progression.
The selective increase of MMP-9, but not MMP-2, in CSF and the correlation of MMP-9 concentrations with CSF pleocytosis suggests that mononuclear leukocytes are the major source of MMPs in multiple sclerosis. MMP-9 is the predominant metalloprotease in mononuclear cells, whereas MMP-2 is produced only in small amounts (Welgus et al., 1990; Xie et al., 1994; Leppert et al., 1995; Johnatty et al., 1997) . A correlation of CSF cell count and levels of MMP-9 in multiple sclerosis has been described by Gijbels et al. (1992) but was not confirmed in a follow-up study from the same group (Paemen et al., 1994) , although in the latter paper cell counts were significantly higher in patients with detectable MMP-9 in CSF when compared with controls by the Mann-Whitney U test. These partially discrepant results may indicate that MMP-9 originates predominantly from immune cells infiltrating the brain parenchyma, which may be reflected inaccurately by the CSF cell count depending on the spatial relation of multiple sclerosis lesions to the CSF space. This could explain why more than a third of relapsing-remitting multiple sclerosis patients with increased levels of MMP-9 had a normal CSF cell count. Alternatively, astrocytes and microglial cells in multiple sclerosis plaques could be a source of MMP-9 and MMP-2, but their quantitative contribution is thought to be minor compared with those of infiltrating immune cells (Cuzner et al., 1996; Maeda and Sobel et al., 1996; Cossins et al., 1997) . As half of the patients had an increased CSF/serum albumin ratio, it is conceivable that leakage of MMP-9 across the defective blood-brain barrier contributes substantially to levels of MMP-9 in the CSF space. Our failure to detect MMP-7 in multiple sclerosis CSF could be explained by limited diffusion into the CSF or by transient production or a short half-life of this metalloproteinase; also, the ELISA might be insensitive to small increases of MMP-7 in multiple sclerosis.
The results of the present study support the lack of strict correlation between levels of MMP-9 and clinical disease activity in multiple sclerosis, a not unexpected finding given the frequent bursts of subclinical disease activity detected by MRI (Willoughby et al., 1989; Kermode et al., 1990) . In a small longitudinal study of multiple sclerosis patients in acute relapse, high expression of MMP-9 in CSF, as measured by zymography, coincided with gadolinium-enhancing lesions on MRI (Rosenberg et al., 1996) . In a cross-sectional study of 40 patients no correlation between the number of active multiple sclerosis lesions and MMP-9 concentration could be established (K. Gijbels, personal communication) . Similarly, the numbers of hyperintense multiple sclerosis lesions, as found in T 2 -and proton-weighted MRI scans, did not correlate with MMP-9 in CSF (Paemen et al., 1994) .
The beneficial effects of both steroids and IFN-β (interferon-β) in multiple sclerosis might result from their suppressive action on MMP production Rosenberg et al., 1996; Stüve et al., 1996) , but their longterm effect on the clinical outcome is modest (Goodkin et al., 1994; Hughes et al., 1996) . Enzyme inhibitors of the hydroxamic acid class are novel compounds that inactivate the proteolytic capacity of metalloproteinases, resulting in decreased leukocyte migration across subendothelial basement membrane models in vitro (Leppert et al., 1995) . Furthermore, they have been shown to ameliorate the clinical course and reduce inflammatory cell infiltration in experimental autoimmune encephalomyelitis (Gijbels et al., 1994; Hewson et al., 1995; Clements et al., 1997) and experimental autoimmune neuritis (Redford et al., 1997) . Inactivation of destructive proteolytic enzymes could be a specific and efficient approach for the treatment of multiple sclerosis. As non-protein molecules of low molecular weight, they readily appear in the CSF of inflamed brain tissue (Gijbels et al., 1994) and would not be expected to induce neutralizing antibodies that represent a significant problem with IFN-β (IFNB Multiple Sclerosis Study Group and the University of British Columbia MS/MRI Analysis Group, 1996; Abdul-Ahad et al., 1997) . The sustained overexpression of MMP-9 and possibly other proteases in the parenchyma and CSF in multiple sclerosis suggests that chronic therapy with these enzyme inhibitors would be desirable.
Of the four MMPs we tested, only MMP-9 is quantitatively upregulated in multiple sclerosis, and it could therefore be a specific target for future therapies. However, the role of most other members of the MMP family (e.g. and of TNF-α converting enzyme, a related protease that releases membrane-bound TNF-α into its soluble form (Black et al., 1997; Moss et al., 1997) , remains uncertain. This precludes the definition of the ideal target profile of an enzyme inhibitor for multiple sclerosis therapy at this time. Further studies to define the longitudinal course of expression and the transcriptional regulation of MMP-9 and other metalloproteinases in the CSF and plaque tissue from multiple sclerosis patients are needed.
